ABSTRACT: Distillers grains (DG), a co-product of ethanol production used as protein and energy supplements in cattle diets, have been shown to increase fecal shedding of Escherichia coli O157:H7, a major foodborne pathogen. The reason for the positive association is not known. Because DG often replaces grain in the diet, decreased starch content and fl ow to the hindgut may create a favorable environment for E. coli O157:H7. Our objective was to determine whether the addition of starch to a corn DG-supplemented diet negates the effects of DG on fecal shedding of E. coli O157:H7. We conducted a study with 21 steers fed 1 of 3 diets: a corn grain-based basal diet (CON), basal diet supplemented with 25% corn dried DG (DDG), and basal diet supplemented with 25% DDG with corn starch (DDG+S) added at a level intended to increase starch concentration to that of the CON diet. Steers, housed individually in a biosafety level 2 animal facility, were randomly allocated to treatment diets and orally inoculated with a 5-strain mixture (10 9 cfu per steer) of nalidixic acid-resistant (Nal R ) E. coli O157:H7. Fecal samples were collected for 5 wk, and on d 35, steers were euthanized and necropsied to collect gut content samples. Fecal or gut samples were cultured to determine prevalence and concentrations of Nal R E. coli O157:H7. Dietary starch concentrations, based on feed analysis, were 46.3% in the CON compared with 43.3 and 41.3% in the DDG and DDG+S diets, respectively. Steers fed DDG or DDG+S diets shed Nal R E. coli O157:H7 more often (P = 0.0027 and 0.0003, respectively) and at greater concentrations (1.9 or 2.0 cfu/g; P = 0.0025 and 0.0006) than those fed CON diet (1.4 cfu/g), but no difference was observed between DDG and DDG+S diets. Cumulative prevalence and concentrations of Nal R E. coli O157:H7 were greater in gut samples collected at necropsy in steers fed DDG and DDG+S diets compared with those fed CON diet, but no difference was observed between DDG and DDG+S diets. The lack of effect of starch addition to the DDG diet on fecal shedding of E. coli O157:H7 may be because either the decreased starch content in the DG-supplemented diet is not a factor in the increased shedding of E. coli O157:H7 or inclusion of pure starch in the diet may not have achieved our intended goal to have starch fl ow into the hindgut similar to that of corn grain. The study confi rms our previous fi nding of the positive association between feeding DG and fecal shedding of E. coli O157:H7.
INTRODUCTION
Escherichia coli O157:H7, a major food borne pathogen, inhabits the hindgut of cattle and is shed in the feces (Naylor et al., 2003; Walker et al., 2010) . Cattle feces can be a source of human infection through direct or indirect contamination of food and water (Rangel, 2005) . Fecal shedding of E. coli O157:H7 is infl uenced by a number of factors, including diet . Dietary ingredients that fl ow into the hindgut and potentially alter the ecosystem are likely to affect fecal shedding of E. coli O157:H7 (Jacob et al., 2009) . Distillers grains (DG), a co-product of ethanol production, are widely used as an energy or protein supplement in cattle diets. Feeding DG, which contain no or very little (<5%) starch (Spiehs et al., 2002; Belyea et al., 2004) , has been shown to increase fecal shedding of E. coli O157:H7 in cattle by 2-to 10-fold (Jacob et al. 2008b (Jacob et al. , 2010 Wells et al., 2009) . The reason for the increase is not known. Distillers grains could contain components that directly or indirectly stimulate growth of E. coli O157:H7 (Jacob et al., 2008a) ; indirect stimulation is likely mediated by the impact of DG components on hindgut microbial ecology. Replacing corn grain with DG supplementation in the diet reduces starch content and results in decreased starch fl ow to the hindgut, which likely alters ecology of the hindgut and creates an environment favorable to the growth and persistence of E. coli O157:H7 (Jacob et al., 2009) . Therefore, we hypothesized that decreased starch content of the DG-supplemented diet may account for the increased fecal shedding of E. coli O157:H7. Our objective was to determine whether addition of starch to the DG-supplemented diet would negate the increased fecal shedding of E. coli O157:H7. We formulated a DGsupplemented diet to equal the starch content of corn grain-based diet and used an experimental inoculation model to test our hypothesis.
MATERIALS AND METHODS
All procedures in the care and management of cattle in the study were approved by the Kansas State University Institutional Care and Use Committee.
Animals and Treatment Groups
Twenty-one Holstein steers (mean BW = 166.4 ± 4.3 kg) were randomly assigned using a spreadsheet algorithm to 1 of 3 dietary treatments (Table 1) . Initially, animals within each treatment group were housed together in outdoor concrete-surfaced pens. A high-grain diet consisting of 70.1% dry-rolled corn grain constituted the control diet (CON). The second dietary treatment had 25% corn dried DG (DDG) added, on a DM basis, to replace a portion of the dry-rolled corn. The third dietary treatment [DDG with corn starch (DDG+S)] consisted of 25% DDG with 23.5% of the remaining dry-rolled corn grain replaced with corn starch to have starch and nonfi ber carbohydrate (NFC) concentrations similar to that of the CON diet. The diets were formulated to meet NRC requirements (NRC, 2000) and adjusted to contain as similar concentrations of all other nutrients as possible (Table 1) . Steers were stepped up with 3 increments of their respective diets (50, 65, and 85% concentrate) approximately every 4 d over a 2 wk period. Steers were then moved to individual pens (1.52 by 3.05 m) within a biosafety level 2 facility and allowed to acclimate for 1 wk before oral inoculation with E. coli O157:H7. Steers were randomly (spreadsheet algorithm) assigned to the individual pens that have walls high enough (1.8 m) to prevent physical contact between adjacently penned animals. Each pen was equipped with a built-in head catch to facilitate stomach tubing, so the steers were not moved from their pens. Diets were fed twice daily at levels targeting 5% refusals, which were mixed into the next feeding; all steers had ad libitum access to fresh water. Pens were surface washed with minimal splashing and cleaned once daily; pen fl oors and drains were designed to prevent wash water from contaminating adjacent pens. Body weights were recorded on the day steers were moved to the individual pens and on the necropsy day to determine ADG over the duration of the experiment.
Escherichia coli O157:H7 Inoculation
Steers were orally inoculated with a 5-strain mixture (KSU 01-2-8970, 01-2-10004, 01-2-10530, 01-2-7443, and 01-2-12329) of E. coli O157:H7, previously isolated from feedlot cattle feces (Sargeant et al., 2003) and made resistant to 50 μg/mL nalidixic acid (Nal R E. coli O157:H7). All 5 strains were PCR positive for the eae (intimin), stx2 (Shiga toxin 2), ehxA (enterohemorrhagic hemolysin), and fl iC (fl agellar antigen) genes, and 1 strain (01-2-8970) was also positive for the stx1 (Shiga toxin 1) gene. Individual isolates from frozen storage beads were streaked on blood agar plates (Remel, Lenexa, KS) and grown overnight at 37°C. A single colony was selected, inoculated into 10 mL of tryptic soy broth (TSB; Difco, BD, Sparks, MD), and incubated overnight at 37°C. One milliliter of TSB culture was then inoculated into 100 mL of TSB and incubated for 7 h at 37°C to reach an absorbance of 0.6 at 600 nm. Aliquots of cultures of 5 strains were mixed together and 1 mL of the pooled culture was serially diluted 10-fold in buffered peptone water (Remel) and spread plated (4 plates per dilution) onto sorbitol-MacConkey agar (Difco) plates with cefi xime (0.5 mg/L), potassium tellurite (2.5 mg/L), and nalidixic acid (50 μg/mL; CTN-SMAC) to determine the concentration of Nal R E. coli O157:H7. Each steer was dosed orally, via stomach tube, with 5 mL of pooled culture mixed with 100 mL of 1% sterile skim milk (Oxoid, Basingstoke Hampshire, UK). The fi nal inoculum (5 mL) contained 5.6 × 10 9 cfu of Nal R E. coli O157:H7. Steers were monitored twice daily after inoculation for clinical signs of infection including general depression, respiratory distress, depressed feed intake, and loose stool.
Fecal Sampling and Detection and Enumeration of Escherichia coli O157:H7
Fecal samples were collected from each animal before inoculation (d -7 and 0) and tested for E. coli O157:H7 as described previously (Greenquist et al., 2005) . After oral inoculation with Nal R E. coli O157:H7 (d 0), fecal samples were collected from each steer 3 times per week (Monday, Wednesday, and Friday). Foot baths with 1% Virkon S/Trifectant (21.4% potassium peroxymonosulfate; 1.5% sodium chloride solution; Vètoquinol, Fort Worth, TX) were used and gloves were changed between each steer. Fecal samples were collected via rectal palpation or from pen fl oors if defecation was observed, placed in Whirl-pack bags (Nasco, Ft. Atkinson, WI), and transported to the laboratory. Approximately 10 g of feces was also placed in a 50 mL conical tube containing 25 mL of doubledeionized water and vortexed for 1 min. The pH of the fecal suspension was immediately measured using an Accumet AB15 Basic pH meter (Fisher Scientifi c, Waltham, MA). Aliquots of fecal samples collected on d 5, 12, 21, 28, and 35 were frozen at -20°C for nutrient (ADF, NDF, CP, and starch) analysis.
Detection and Enumeration of Nalidixic Acid-Resistant Escherichia coli O157:H7
The procedure used for detection and enumeration of Nal R E. coli O157:H7 was according to Jacob et al. (2008b) . Briefl y, about 1 g of feces was added to a preweighed tube containing 9 mL of Gram Negative broth (Difco) with cefi xime, cefsoludin, and vancomycin (GNccv; Jacob et al., 2008a) and the tube was weighed again to record the sample weight. One milliliter of the GNccv fecal suspension was serially diluted and spreadplated on CTN-SMAC to determine the concentrations of Nal R E. coli O157:H7. The remaining fecal suspension was subjected to primary and secondary enrichment. If colonies were not recovered by direct plating, secondary enrichment sample was plated onto CTN-SMAC. A colony from each direct or secondary enrichment plate was tested for indole production and O157 antigen latex agglutination (Jacob et al., 2008a) .
Necropsy and Collection of Gut Contents
Thirty-fi ve days after inoculation, steers were euthanized and necropsied. Steers were divided into 2 groups and euthanized on 2 consecutive days with treatment groups balanced across euthanasia days. The order of animals euthanized was random and steers were not fed on the day of euthanasia, which was performed in the morning. Steers were then immediately necropsied and contents from the rumen, cecum, colon, and rectum were collected and transported to the laboratory and concentrations of Nal R E. coli O157:H7 were determined as above. The pH of rectal contents were measured after preparing a suspension in double-deionized water and that of rumen, cecum, and colon samples were measured without the addition of double-deionized water. The rectum was removed and cut open, the mucosa was rinsed with water to remove visible fecal material, and the 3-to 5-cm area proximal to the rectoanal junction was swabbed with a foam-tipped applicator (RAMS; VWR International, Buffalo Grove, IL; Fox et al., 2008) . Swabs were placed in 3 mL of GNccv broth, transported to the laboratory, vortexed, and processed for detection of Nal R E. coli O157:H7 as described above.
Feed and Fecal Nutrient Analyses
Approximately 0.5 kg of each diet was collected (n = 15 per treatment) on each day of fecal sampling and composited within treatment. The composite samples were sent to Cumberland Valley Analytical Services (Hagerstown, MD) for DM, NFC, starch (Hall, 2009) , CP, and NDF analyses. Frozen fecal samples from d 5, 12, 21, 28, and 35 were submitted to the Animal Science Analytical Lab (Kansas State University, Manhattan, KS) for DM, ADF, NDF, CP, and starch analyses.
Statistical Analysis
Dietary treatment effects were assessed in linear mixed model or generalized linear mixed model (LMM and GLMM, respectively; Proc Glimmix; SAS Inst. Inc., Cary, NC), depending on whether the outcome variable was continuous or categorical, respectively. When the outcome variable was continuous, as was the case for concentrations of fecal Nal R E. coli O157:H7 and nutrient components (DM, starch, CP, NDF, and ADF) and fecal pH, a LMM was used to access the effects of dietary treatment. When a categorical outcome variable, such as whether a sample of an animal from feces or necropsy was positive or negative for Nal R E. coli O157:H7, was being analyzed, a GLMM was used assuming a binomial distribution and using a logit link function. Concentrations of Nal R E. coli O157:H7 were log 10 transformed before data analyses. If Nal R E. coli O157:H7 was not detected by direct plating but the enriched sample was positive, the least enumerable concentration was assigned to account for sample weight (100 cfu/g). The concentration in RAMS samples was not determined because the size of the inoculum was unknown; therefore, RAMS were considered positive (direct plating or enrichment) or negative and included only in analysis of prevalence data.
Initially in both LMM and GLMM for data from individual fecal samples collected throughout the trial, the linear predictors were dietary treatment, sampling day, and dietary treatment × sampling day interaction. For data from samples taken at necropsy, dietary treatment, sample site (rumen, cecum, colon, rectum, or RAMS), and dietary treatment × sampling site interaction were initially included in the model as linear predictors for both LMM and GLMM. In addition, animal was included as a repeated effect in all models of data from repeated sampling to account for the lack of independence between samples. When GLMM with repeated measures failed to converge properly, additional GLMM specifi ed in an events/trials format were used to model cumulative prevalence [total sampling days positive or total gut sampling sites positive for each animal (events) over total number of samples collected (trials) for each animal] with dietary treatment as the linear predictor. For animal performance outcomes (ADG and DMI) that were averaged over the trial, a LMM with dietary treatment included as a single linear predictor was used. Model-adjust means (LSmeans; back transformed to the original scale when appropriate) and corresponding standard error of the means are reported. For all models, P-values < 0.05 were considered statistically signifi cant and P-values ranging from 0.05 to 0.10 were considered statistical trends.
RESULTS
All steers tested negative for fecal prevalence of E. coli O157:H7 on the day of and the 7 d before oral inoculation. None of the steers exhibited any adverse clinical signs after oral inoculation of E. coli O157:H7. We detected no differences between dietary treatment groups in ADG and DMI of steers during the 35 d of the experiment. The 3 treatment diets were formulated to be as similar as possible in all nutrient composition except starch and NFC. The starch concentrations, based on feed analysis, were 46.3% in the CON diet compared with 43.3 and 41.3% in the DDG and DDG+S diets, respectively. The NFC concentrations were 61.7% in the CON, 58.3% in the DDG, and 61.9% in the DDG+S diets.
Fecal Shedding of Nalidixic Acid-Resistant Escherichia coli O157:H7
Two days after oral inoculation with Nal R E. coli O157:H7, all steers were shedding Nal R E. coli O157:H7, which was detected only after samples were enriched and plated on CTN-SMAC. The level of shedding could not be quantifi ed because the dilutions chosen (10 -3 to 10 -6 ) to inoculate the plates showed no growth, indicating that fecal concentration was below 10 4 cfu/g of feces. However, in the samples collected on d 5, concentrations of Nal R E. coli O157:H7 in feces from all 3 groups of steers ranged from 10 4 to 10 5 cfu/g. Data analyses of the fecal concentrations of Nal R E. coli O157:H7 showed that the sampling day × dietary treatment interaction was not signifi cant (P = 0.21). Sampling day had a signifi cant effect (P < 0.0001) on the fecal concentration of Nal R E. coli O157:H7. After d 5 in the CON group, fecal concentrations of Nal R E. coli O157:H7 declined gradually, and positive samples were only detectable by direct plating of enriched samples by d 19 (≤100 cfu/g; Fig. 1 ). The fecal concentrations of Nal R E. coli O157:H7 were different (P = 0.0012) between dietary treatments. Feces from steers in the DDG (1.94 ± 0.10 log10 cfu/g) and DDG+S (2.03 ± 0.10 log10 cfu/g) groups had greater (P = 0.0025 and P = 0.0006, respectively) Nal R E. coli O157:H7 concentrations than the CON group (1.44 ± 0.10 log10 cfu/g), but no difference (P = 0.52) was observed between the DDG and DDG+S groups (Fig. 1) .
Analysis of cumulative fecal prevalence of Nal R E. coli O157:H7 (total number of sampling days a steer was positive from d 2 to 35) demonstrated a signifi cant dietary treatment effect where more steers were positive for fecal shedding of Nal R E. coli O157:H7 in DDG (P = 0.0027) and DDG+S (P = 0.0006) compared with the CON group, and again there was no difference (P = 0.26) between the DDG and DDG+S groups (Fig. 2) .
Concentrations and Prevalence of Nalidixic AcidResistant Escherichia coli O157:H7 in Necropsy Samples
At the time of necropsy, the concentrations of Nal R E. coli O157:H7 in gut contents was not associated with the gut sample site (rumen, cecum, colon, or rectum) × dietary treatment interaction (P = 0.85) but was signifi cantly affected by gut sample site (P = 0.03) and tended to be affected by dietary treatment (P = 0.06). The rectal contents contained signifi cantly greater (P = 0.0003, 0.0080, and 0.0156, respectively) concentrations of Nal R E. coli O157:H7 compared with the contents of the rumen, cecum, or colon, which did not differ. Overall across all sites, the DDG+S group contained greater concentrations of Nal R E. coli O157:H7 than the CON (P = 0.02) and tended to have greater concentrations compared with DDG (P = 0.09) group (Table 2) ; CON and DDG groups did not differ (P = 0.48). Rectoanal mucosal swabs were not included in the gut sampling site concentration analysis because the RAMS method does not use a measured amount of sample.
The cumulative prevalence of Nal R E. coli O157:H7 (total sampling sites positive per animal) at necropsy was signifi cantly affected by dietary treatments (P = 0.05). Across all gut sample sites, dietary effects showed that steers in the DDG+S group had greater prevalence of Nal R E. coli O157:H7 compared with CON (P = 0.05) or DDG (P = 0.03) group (Table 2) . No difference (P = 0.80) in prevalence was detected between steers in the DDG and CON groups.
Fecal pH
Overall, fecal pH was signifi cantly different over sampling days (P = 0.0085) and between dietary treatment groups (P = 0.0004; Fig. 3 ), but sampling day × dietary treatment interaction was not signifi cant (P = 0.18). The average fecal pH of steers in the DDG group (pH = 6.18) was lower (P = 0.0001 and P = 0.0073) than that of the CON and DDG +S groups (pH = 6.34 and 6.26, respectively). The average fecal pH of steers of the DDG+S group tended to be lower (P = 0.07) than the CON group.
Gut Contents pH at Necropsy
A tendency (P = 0.07) was observed for gut pH to be associated with sample sites (rumen, cecum, colon, and rectum) × dietary treatment interaction whereas pH was signifi cantly different across gut sample sites (P = 0.05) and between dietary treatment groups (P < 0.0001; Table 3 ). Ruminal pH was lower than the cecum, colon, and rectum, which were not different from each other (P = 0.15, 0.24, and 0.78, respectively). The pH of cecal and colonic contents were greater in the control group compared with DDG or DDG+S groups. The pH of gut contents did not differ (P = 0.35) between DDG and DDG+S treatment groups.
Fecal Composition
Overall, fecal protein and starch concentrations were signifi cantly different (P = 0.0007 and P = 0.04, respectively) between dietary treatment groups (Table 4) but did not change signifi cantly over time, and no dietary treatment × sampling day interactions occurred. The Figure 1 . Fecal concentration of nalidixic acid-resistant (Nal R ) Escherichia coli O157:H7 after oral inoculation with a 5-strain mixture of Nal R E. coli O157:H7 in steers fed a corn grain-based, high-grain diet supplemented with no dried distillers grains (CON; n = 7; mean = 1.44 ± 0.10 log10 cfu/g), 25% dried distillers grains (DDG; n = 7; mean = 1.94 ± 0.10 log10 cfu/g), or 25% DDG with corn starch (DDG+S; n = 7; mean = 2.03 ± 0.10 log10 cfu/g). Steers in the CON group had signifi cantly less (P = 0.0025 and P = 0.0006, respectively) fecal concentrations of Nal R E. coli O157:H7 compared with DDG or DDG+S; all other treatment comparisons, the day × treatment interaction, and the main effect of day were not statistically signifi cant (P = 0.52).
Figure 2.
The number of cattle that tested fecal positive for nalidixic acid-resistant (Nal R ) Escherichia coli O157:H7 by sampling day after oral inoculation with a 5-strain mixture of Nal R E. coli O157:H7. Cattle were fed corn grain based high-grain diets supplemented with no dried distillers grains (CON; n = 7), 25% dried distillers grains (DDG; n = 7), or 25% DDG with corn starch (DDG+S; n = 7). The cumulative prevalence of Nal R E. coli O157:H7 between d 2 and 35 was greater in steers fed DDG (P = 0.0027; mean = 80.6 ± 4%) and DDG+S (P = 0.0003; mean 86.7 ± 3.4%) compared with CON (mean = 57.1 ± 5.0%) steers.
fecal starch concentration of steers in the DDG+S group (11.5%) was less than those of the CON group (16.0%; P = 0.01) and tended to be less than DDG group (13.1%; P = 0.09); the CON and DDG groups were not different (P = 0.33) from each other. The fecal protein concentration of steers in the DDG+S group was less (13.5%) than that of the CON (16.2%; P = 0.0004) and DDG groups (15.8%; P = 0.0017), which were not different (P = 0.50) from each other.
DISCUSSION
Cattle fed high-grain diets supplemented with DDG had increased fecal shedding of Nal R E. coli O157:H7, and more animals were fecal positive for Nal R E. coli O157:H7 for a longer duration compared with the control that had no DDG supplement. These fi ndings are in agreement with previous research on DG effects on fecal shedding of E. coli O157:H7 (Jacob et al., 2008a (Jacob et al., ,b, 2010 Wells et al., 2009 Wells et al., , 2011 . The reasons behind the positive association are unknown. Escherichia coli O157:H7 colonizes within the hindgut of cattle (Naylor et al., 2003; Walker et al., 2010) ; therefore, changes in hindgut microfl ora, pH, and VFA concentrations associated with altered nutrient fl ow and availability may directly or indirectly affect the ability of E. coli O157:H7 to proliferate, colonize, and persist in the hindgut. Our hypothesis was that decreased starch concentrations in DG-supplemented diets, due to corn grain replacement, may contribute to greater fecal prevalence of E. coli O157:H7. We added corn starch to the DDG diet to achieve estimated NFC and starch concentrations similar to that of the control diet (60.0% estimated NFC and 49.0% estimated starch). We expected that some of the starch would fl ow into the hindgut and alter the conditions to have an effect on E. coli O157:H7; Table 2 . The prevalence and concentration of nalidixic acid-resistant (Nal R ) Escherichia coli O157:H7 in gut contents at necropsy from cattle fed corn grain-based, high-grain diets supplemented with no dried distillers grains [0% DDG (Control); n = 7], 25% DDG (n = 7), or 25% DDG with corn starch (DDG+S; n = 7) 1 Within cumulative prevalence values, treatments without a common superscript letter differ at P < 0.05; within concentration values, treatments without a common superscript letter differ at P < 0.05.
1 The concentrations of Nal R E. coli O157:H7 in gut contents was not associated with the gut sample site (rumen, cecum, colon, or rectum) × dietary treatment interaction (P = 0.85), but was signifi cantly affected by gut sample site (P = 0.03) and tended to be affected by dietary treatment (P = 0.06). The cumulative prevalence of Nal R E. coli O157:H7 (total sampling sites positive per animal) at necropsy was signifi cantly affected by dietary treatments (P = 0.05). Table 3 . Gut content pH at necropsy of cattle fed corn grain-based, high-grain diets supplemented with no dried distillers grains [0% DDG (Control); n = 7], 25% DDG (n = 7), or 25% DDG with corn starch (DDG+S; n = 7) after oral inoculation with nalidixic acid-resistant Escherichia coli O157:H7 Fecal pH of steers fed corn grain-based high-grain diets supplemented with no dried distillers grains (CON; n = 7; mean = 6.34 ± 0.03), 25% dried distillers grains (DDG; n = 7; mean = 6.18 ± 0.03), or 25% DDG with corn starch (DDG+S; n = 7; mean = 6.26 ± 0.03) by sampling day after oral inoculation with nalidixic acid-resistant Escherichia coli O157:H7. Fecal pH was signifi cantly different between dietary groups (P = 0.0004), and between sampling days (P = 0.0085), but the dietary group × sampling day interaction was not signifi cant (P = 0.18).
however, the fecal concentration and number of steers shedding E. coli O157:H7 in DDG+S were similar to that of DDG group, suggesting that inclusion of additional starch to the DDG diet had no effect on fecal shedding of Nal R E. coli O157:H7. Because the starch added to the diet was pure, the starch could have been digested completely in the rumen and small intestine, with no starch reaching the hindgut to have an impact on hindgut fermentation. This possibility is supported by fecal starch concentrations, which were least in steers fed the DDG+S diet. The amount of corn grain that was replaced with corn starch (23.5% of DM) in the DDG+S diet was estimated from NRC (2000) values for corn grain (75.5% NFC and 68.0% starch) and Hall (2009) for corn starch (≥95% NFC and 95% starch). The added corn starch in the DDG+S diet did not achieve a similar concentration of starch compared with the CON diet (46.3% in CON vs. 41.3% in DDG+S). Furthermore, the DDG diet had a slightly greater concentration of starch compared with the DDG+S diet (43.3 and 41.3%, respectively); however, the amount of corn starch added to the DDG diet achieved a concentration of NFC similar to the CON diet (61.7% in CON vs. 61.9% in DDG+S) whereas the DDG diet had slightly less than expected NFC concentration (58.3%). The discrepancy between NFC and starch concentrations in the DDG+S diet could not be explained and individual ingredient samples were not collected, so determining the exact cause of the discrepancy was not possible. Even with these differences in NFC and starch concentrations among dietary treatments, we observed a signifi cant increase in the fecal shedding of E. coli O157:H7 by steers on DDG-supplemented diets. This result suggests that other nutrients or substances in DDG supplemented diets may be responsible for fecal shedding increase of E. coli O157:H7. We were not able to balance the diets for NDF due to the increased concentration of NDF in DDG-supplemented diets, which resulted in DDG and DDG+S diets having 30.2 and 16.3% increase in NDF, respectively, over the CON diet, suggesting that NDF may infl uence the fecal shedding of E. coli O157:H7.
We had previously hypothesized (Jacob et al., 2009 ) that greater hindgut starch concentrations provide more substrate for the microbes and lead to low pH and high VFA concentration, thereby decreasing E. coli O157:H7. We observed a signifi cantly lower fecal pH in the DDG and DDG+S groups compared with the CON diet, suggesting greater hind gut microbial activity, although we did not measure VFA concentrations. The greater concentration of fecal protein in the CON and DDG diets compared with the DDG+S diet suggests greater microbial growth in the hindgut (Ørskov et al., 1970) . Kudva et al. (1997) showed that sheep, experimentally inoculated with E. coli O157:H7 and fed a grass hay diet, shed the organism for a longer duration and at greater concentrations than sheep fed a corn and alfalfa pellet diet. These researchers also observed fewer positive animals when the grass hay diet was abruptly changed to a corn and alfalfa pellet diet, suggesting feeding of a starch-based diet hinders the ability E. coli O157:H7 to persist in the hindgut. Fox et al. (2007) and Jacob et al. (2008a) showed that increased ruminal degradability of grain, associated with processed grains (steam fl aked vs. dry rolled), increased the prevalence of E. coli O157:H7, probably due to less starch reaching the hindgut.
Distillers grains have increased concentrations of protein, fi ber, and lipids (Spiehs et al., 2002) , which alter the fl ow and availability of nutrients in the hindgut. Increased protein and fi ber contents may allow for greater protein and fi ber fermentation within the hindgut, thereby altering pH and concentrations of fermentation products. Increased fl ow of fi ber may stimulate mucus production, and constituents of mucus, particularly gluconic acid, have been shown to stimulate growth of E. coli O157:H7 (Fox et al., 2009 ). In our study, dietary protein was held constant across all diets by altering the amount of soybean meal in the diet (10.8% in the CON diet and 1.5% in the DDG+S diet). Dietary NDF was greatest in the DDG diet (16.1%) and least in the CON diet (11.8%) and the amount in the DDG+S diet (14.1%) was between DDG and CON diets. However, fecal concentration and prevalence of Nal R E. coli O157:H7 did not differ between DDG and DDG+S groups, Table 4 . Dry matter content and nutrient composition of feces from of cattle fed corn grain-based high-grain diets supplemented with no dried distillers grains [0% DDG (Control); n = 7], 25% DDG (n = 7), or 25% DDG with corn starch (DDG+S; n = 7) after oral inoculation with nalidixic acid-resistant Escherichia coli O157:H7 and DDG+S tended to have a greater concentration and signifi cantly greater prevalence of Nal R E. coli O157:H7 in necropsy samples. Increased dietary lipid concentrations will increase the fl ow of FFA, which could exert antimicrobial effects (Annamalai et al., 2004) , but FFA are likely to be absorbed and not reach the hindgut; also, the lipid concentrations across all 3 diets were held constant by adding fat (white grease) to the CON diet. Another possibility (Jacob et al., 2008a (Jacob et al., , 2009 ) is that DG may contain unknown substances that have a stimulatory effect on E. coli O157:H7, and this idea is supported by an apparent stimulatory effect of DG when added to in vitro rumen fl uid cultures inoculated with E. coli O157:H7; however, the same effect was not seen in fermentations with fecal bacterial cultures (Jacob et al., 2008a) .
Regardless of the nutritional mechanism, feeding DG to cattle results in greater concentrations of E. coli O157:H7 in the feces, which leads to greater concentrations of environmental E. coli O157:H7. Varel et al. (2008) demonstrated that E. coli O157:H7 inoculated into manure slurries from cattle fed DG (20 or 40% of DM) persisted longer and at greater concentrations over a 14-d room temperature incubation compared with control manure slurries from cattle fed 0% DG. Greater concentrations of E. coli O157:H7 in a feedlot pen would create an environment more likely to reinoculate the bacteria into the gastrointestinal tract of cattle, furthering its persistence within a cohort of animals.
In conclusion, our experimental inoculation study confi rms the positive association between feeding DG and fecal shedding of E. coli O157:H7. Furthermore, addition of starch to the DDG diet to achieve concentration of estimated starch similar to that of the corn grain-based diet without DG supplement diet had no effect on fecal shedding of E. coli O157:H7. However, inclusion of pure starch in the diet may not have achieved our intended goal to have starch fl ow into the hindgut similar to that of corn grain. Perhaps use of ruminally protected starch or infusion of starch postruminally would have been a better approach to test our hypothesis. Also, research is needed to understand whether other components of DG, protein or fi ber, may be responsible for the positive association with E. coli O157:H7 fecal shedding.
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